Abstract: Tourist congestion at hot spots has been a major management concern for UNESCO World Heritage Sites and other iconic protected areas. A growing number of heritage sites employ technologies, such as cameras and electronic ticket-checking systems, to monitor user levels, but data collected by these monitoring technologies are often under-utilize. In this study, we illustrated how to integrate data from hot spots by camera-captured monitoring and entrance counts to manage use levels at a World Heritage Site in southeastern China. 6,930 photos of a congestion hotspot (scenic outlook on a trail) were collected within the park at a 10-minute interval over 105 days from January to November 2017. The entrance counts were used to predict daily average and maximum use level at the hotspot Average use level at the congestion hotspot did not exceed the use limit mandated by the Chinese park administration agency. However, from 9:20 am to 12:00 pm, the use level at hotspots exceeded visitor preferred use level.
Introduction
UNESCO World Heritage sites and similar iconic protected areas attract millions of visitors each year. While visitation generates economic and social benefits, the popularity invites issues such as overcrowding, congestion, and resources degradation. Particularly, when an excessive number of visitors congregate at "hotspots", it can result into intensified environmental impacts, safety hazards, and dissatisfied users [1] [2] [3] . Since significant resources, such as magnificent views or iconic geological features, are typically near these hotspots, their overuse and potential spillover effects on the adjacent resource areas is a cause of concern. In China, there are 53 World Heritage Sites and more than 5000 other types of parks and visitor attractions which attracted billions of visitors annually, resulting in severe concerns of congestion and safety hazards related to tramping and falling [4] [5] [6] [7] . Indeed, avoiding too many visitors staying at these locations at the same time has been a common management challenging many World heritage sites, especially in China with such a large population.
The congestion in park settings can seemed as too many people or vehicles gathering at a crowded place, while crowding highlights whether there are too many people by the personal judgment, which is a negative and subjective evaluation of a use level based on visitor perceptions [8] [9] [10] . Different approaches have been used to mitigate crowding and congestion at hotspots, such as educating visitors to avoid peak time, locations and improving infrastructure to increase capacity and managing the use level when use limits were set at park level [11] . In china, all parks and protected areas are mandated to devise a use limit developed by The National Guideline for Establishing Maximum Carrying Capacity for Parks (NGEMCC) which requires that each visitor should be able to occupy at least 0.5-1 m 2 on the trail [12] [13] [14] . Within this range, park managers may devise their carrying capacity limits based on the park's unique physical, social and biological characteristics. The priority of the guideline is to ensure visitor safety and alleviate congestion [14] . Many managers and researchers have noted that regulating visitor access on public lands is a contentious issue, but they didn't address congestion issues at hotspots in parks base on this guideline [15] [16] [17] . As a matter of the fact, to gain public support for a use limits proposal [12] , managers need to establish an empirical relationship that predicts how congestion and crowding level at hotspots are responsive to different use limits applied. However, the lack of empirical evidence to describe the relationship between use level and crowding is a vexing problem for managing visitors [18] .
We acknowledge that the number of visitors does not equal with crowding severity.
As an advancement in visitor management research, many researchers conceptualize crowding as a visitor subjective evaluation. Adopting this conceptualization helps managers to clarify the end goal for managing use level. However, empirical studies have also found little statistical relationships between visitor use level and the experience quality. An explanation is that there are many other factors, such as individual place attachments, activity types, and personalities, contributing to the perception of crowding [14, 19] . In practice, using proxy evaluative indicator, such as the number of people at one time(PAOT) at the hotspot or persons per viewscape (PPV) on trails, allow managers to fast evaluating the conditions and respond to potential issues of crowding [15] . With the multi-scale use level data, park managers could establish a link between visitation at park scale and at site scale to guide their long-term and short-term management decisions. However seldom evidence was found to address the crowding by monitoring total use level in western countries due to controversies about public privacy.
Different kinds of technology were applied to address the park visitor use management. The automated traffic counter was applied to examined the total number of visitors in United Stated Forest Service camp grounds at field personnel [20] , it also was used to analyze the number of visitor use along the Carriage Roads in Acadia National Park [15] . Infrared technology on multiple-use trails was applied to reflect variability in the proportion of exiting day hikers across time of the day and the trail of use within Grand Canyon National Park [21] . More recently, the real-time and image-processing monitoring system was applied to underground station streams [22] , urban communications [23] to estimate people flow and density. Using video to observe use level have compared counting accuracy with other methods [16] . However, they were seldom adopted to address crowding problem in most natural scenic spots, especially in eastern Asia to date. In china an amount of high-resolution cameras were installed at park by park managers and public security bureaus to acquire the visitor congestion distribution characteristics at multiple hot spots. High-resolution 24/7 cameras provide opportunities to expand and upgrade the existing visitor monitoring toolkits. Park managers who battled with visitor congestion at multiple hot spots on a daily basis could use the technologies to obtain visitor use data for the entire park and at specific sites.
However, similar research is rare in eastern Asian countries, such as China with high population density and large visitation volume at parks and protected areas.
The objectives of this study are to manage congestion at visitor hotspots using parklevel use level data acquired by high-resolution 24/7 cameras at World Heritage sites.
Specifically, 1) to identify the empirical relationship between total use level and use level at hotspots in a World Heritage Site in southeastern China, and 2) to derive recommended use limits based on the identified relationship.
Methods

Park Management in China
Mount Wuyi National Park（27°32'36″~27°55′15″Ｎ, 117°24′12″～118°02′50″Ｅ） is in southeast of China (Fig. 1) , approximately covering about 990 km 2 
Data Collection
We collected use level data for the park and at the Banshan Pavilion outlook from the park's camera system between January 28 th and November 10 th 2017. In order to make data more representative, we worked with the park staff to keep the camera pointing to the outlook for one day with three days intervals, with a total of about 10-12 days per month. Consequently, photos were available for a total of 105 days. The photos were captured by surveillance at 10 min intervals from 7:00 am to 5:00 pm, producing 61 photographs per day to estimate average use level at the outlook throughout a whole day.
A total of 6385 photographs were collected in all 105 days with a few photos missing due to equipment maintenance and occasional malfunctioning ( Figure. 2). Eight research assistants worked in pairs to count the number of visitors in each photo, with one assistant counting and the checking accuracy. The photos captured 73,158 visitors in total. In addition, entrance counts data were provided through ticket-checking at park entrance for the same days.
In order to establish the acceptable and preferred standards of crowding, visual-based questionnaire was designed including the acceptability of different level of crowding and the respondents' profiles. The questionnaire survey was administered for 5 weekends from November 5th to December 18th in 2016. 465 Visitors were surveyed on the site when they are visiting the summit of the Peak, which is about 30minutes from the outlook. Respondents were shown the photos with different visitor use level of the trail slope. They were asked to rate the acceptability from the most unacceptable (-4) to the most acceptable (+4) and the neutral point of 0. In addition, we measured the area of the Banshan Pavilion in order to evaluate the limiting standard of crowding. 
Data Analysis
We first conducted descriptive analysis on the use level of the outlook leading to Tianyou Peak. We calculated visitor use level by averaging people per photo and visualized the visitor use level at the outlook over time (Table 1) . We then compared the average visitor use level against three crowding standards, that is, limiting standard, the acceptable standard and the preferred standard. We did a separate analysis on the temporal use level distribution for data collected during the Chinese New Year Holidays from January 28 th to February 3 rd , 2017 and China National Day Holidays from October 1 st to October 7 th, 2017.
We conducted linear regression statistical analysis in order to link the use level of the entire park with that of the outlook. Since the entrance counts were only available on the daily level, we aggregated the people per photo data to the daily level. Specifically, we summed up people per photo collected in the same day and divided it by the number of photos collected in that day, obtaining the average number of visitors at the outlook at any given time in a day( hereafter average use level). We also obtained the maximum number of visitors at the outlook at a given time in a day (hereafter maximum use level). We fit two models with the daily entrance counts as independent variable, and average use level and maximum use level as dependent variables respectively.
Results
Temporal visitor use level
Questionnaire survey results showed that park visitors to Tianyou Peak preferred less than 27 people at the outlook (hereafter preferred standard), while they considered less than 45 people at the outlook acceptable (hereafter acceptable standard). 
Correlation between use level for the entire park and at the trail
The linear regression analysis revealed a significant relationship between the use level for the entire park and at the outlook. The entrance counts significantly predicted daily average visitor use level of the outlook (F (1,105) =288.604, p-value<.000, R 2 =0.829).
For every additional 1000 visitors passing through the entrance, on average there will be about 5 more visitors at the outlook at a given time (Fig. 4) . The entrance counts also significantly predicted the maximum use level at the outlook (F (1,105) =412.57, pvalue<.000, R 2 =0.798). For every additional 1000 visitors passing through the entrance, there will be 6 more visitors at the outlook when the uses of the hotspot peaks (Fig. 4) . 
Classification of Congestion degree
Using the regression model, we calculated at most how many visitors passing by the entrance daily should be permitted so that the average and maximum use level at the outlook will not exceed the crowding standards (Table 3 ). On the other hand, visitor swarming into the park entrance were not well informed about the congestion level at the hotpots for the lack of necessary information. Therefore, the quantitative relationship between the use level of the entire park and that of the hotspot was urgently established to predict the crowding level at the hotspot during peak seasons.
Links between the use level of the entire park and that of the hotspot
Quantitative information on the hotspot and intensity of visitor use can alert park administers to manage areas prone to congestion, crowding or safety concerns [19] .
Statistical modeling using regression analysis is an effective use of visitor use monitoring data. Results suggested that the relationship between the use level of the entire park and that at the hotspot, once established, can predict congestion level of a tourist hotspot and evaluate compliance or violation of pre-determined use limits based on different management objectives. Only a few researches have tried to predict the visitor use level at the hotspots in western countries [15, [24] [25] [26] . The study indicated that establishing links between the entire park and that of the hotspot is feasible in China with large population context. Furthermore, most of parks in China charge fees by checking tickets at the entrances which make it easy to control the total use level to achieve the anticipated management objectives. Therefore, the findings provided Chinese park managers with information to help alleviate congestion, reduce crowding and improve safety conditions at the hotspot under park-scale use limits.
Visitor capacity management at the hotpot
Visitor capacity research is growing in China [27] [28] [29] [30] . However, most of these studies 
Management Implications
This study demonstrated how managers could couple camera-captured monitoring data with entrance counts to manage visitor capacity at World Heritage Sites and parks with high use volume. Different congestion scenarios will require different management strategies. For example, in the Partially Congested scenario, the maximum number of visitors at the congestion hotspot will exceed visitor acceptable standard, but the average number of visitors at the hotspot will not exceed the acceptable standard. Managers could focus on helping visitors to avoid anticipated peak hours, using behavioral change approaches such as time-based ticket discount for those who visit the park early in the morning. Information may also help visitors avoid hours prone to congestion, such as using a mobile app to distribute real time images of hotspots. In the Extremely Congested scenario, park managers should prepare the fast-response protocol. Crowdsourcing such as Amazon Mechanic Turk may be another way to complete the counting task [31] . Violating privacy may be a concern for some cultures. The camera was set up on the top of Tianyou Peak at Mt. Wuyi National Park. The long distance between the camera and the outlook makes it almost impossible to identify individuals in the photos. Managers at other parks who are interested in using cameras for visitor monitoring could carefully design the distance and angle of the camera to avoid invading individual privacy.
Limitations and Future Studies
This study contributed to the understanding of visitor capacity at highly populated Asian countries through focusing on visitor monitoring and the number of people at one time at attraction sites. We did not examine other important visitor experience indicators such as the amount of recreational impacts along the trail or maximum waiting time on the trail [32] . We acknowledge that visitor monitoring using camera and entrance counts should complement other types of planning and monitoring strategies in visitor capacity management. We did not randomly select days to collect camera-captured data. There were no reasons to suspect we introduced bias to our data through sampling. The availability of entrance counts limited our regression analysis. We aggregated people per 
